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PROCEEDI NGS

8:31 A M

CHAIR WVALLIS: The neeting will now cone
to order. This is the second day of the 531st Meeting
of the Advisory Commttee on Reactor Safeguards. |If
you're wondering why it's the second day, we had a
cl osed neeting yesterday with no transcript. So it is
t he second day.

During today's nmeeting the Commttee will
consider the followi ng: Application of TRACG Code to
ESBWR Stability; Hazards Anal ysis Associated with the
Grand Gulf Early Site Permit Application and the
Associated NRC Staff's Evaluation; Safety Conscious
VWor k Envi ronnent / Saf ety Cul ture; Draft Fi nal
Regul at ory Gui de, "Ri sk-Inforned,

Perf ormance- Based Fire Protection for Existing
Li ght Water Nucl ear Power Plants and the Preparation
of ACRS Reports.

A portion of this neeting may be closed to
di scuss General Electric proprietary information
appl i cabl e to TRACG code.

This neeting is being conducted in
accordance wi th the provisions of the Federal Advisory
Commttee Act. Dr. John T. Larkins is the Designated

Federal O ficial for the initial portion of the
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neeti ng.

W have received no witten coments or
requests for tine to nake oral statenents fromnenbers
of the public regarding today's sessions.

Atranscript of portions of the neetingis
being kept and it is requested that the speakers use
one of the m crophones, identify thensel ves and speak
with sufficient clarity and vol ume so that they can be
readily heard.

| will begin with sone itens of current
interest. M. John Lanb, who has been with the ACRS
for a year, will be leaving to join the EDO s office,
as a Senior QOperation's Assistant on April 10th. On
behalf of the Conmittee, 1'd like to express ny
appreciation for his outstanding technical support to
the Committee. He reviewed nunerous matters,

i ncl udi ng license renewal appl i cati ons, fire
protection issues, revisions to Regulatory Guides,
operating plant issues and Generic Letters.

MEMBER DENNI NG Do we have to | et himgo?

CHAIR WALLIS: Yes, well, that was what |
was going to say, his dedication, hard work,
prof essionalismand ability to identify issues in his
areas of responsibility for consideration by the

Commttee are very, very nuch appreciated and thank
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you and good | uck.

| s John here? Thank you, John.

(Appl ause.)

| shoul d probably say, good | uck, too.

We have some other itens of interest in
t he handout of itens of interest, you'll notice that
several Conmm ssioners have nade speeches and they're
i sted here and also an itemof interest is that Brian
Sheron is going to becone the Director of Research as
of May 1.

W have sone other personnel natters.
Antonio Dias will join the ACNWstaff on April 10th.
He has a Ph.D. in Nuclear Engineering from the
Massachusetts Institute of Technol ogy. Wre you goi ng
to say what was that or who is that? Antonio D as,
Ceor ge.

Do you want to nake a statenent, George?

(Laughter.)

Thank you.

Antonio Dias joined the NRC in Novenber
2001 as a Techni cal Reviewer in the Spent-Fuel Project
Ofice. He was involved in the review of the software
transportation and storage applications in the areas
of thermal criticality and containment. He also

participated ininspections of storage sites and their
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rel ated procedures.

Prior to joining the NRC, Dr. Di az worked
for several years as a consultant, providing services
to many U S. utilities, as well as EPRI. H's nmain
area of expertise is the sinmulation of nmulti-
di mensi onal time-dependent neutronic and thernal
hydraul i c oscill ated events for |ight-water reactors.
He was i nvol ved i n val i dati ng and benchmar ki ng nost of
the current EPRI codes related to this l|ine of
application. He was also part of the devel opnent team
for the EPRI three-di nensional nodal core sinmulating
code. H s involvenent with U S utilities was nostly
as a reviewer of their nethodol ogies for core safety
anal yses.

Pl ease wel cone, Antonio Diaz. |s he here
sonmewher e? Yes.

(Appl ause.)

We also a new nenber of the ACRS staff,
M chael Junge. He will join on April 17th. He wll
be worki ng on several subconm tteees including Plant
Operations, Fire Protection and License Renewal. M ke
has a Bachelor's degree in Nuclear Engineering from
the University of Mryland at College Park. He
started work in 1981 as an Operations Engi neer at

Calvert diffs. He obt ai ned a Seni or React or
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9
Operator's license and worked on shift was a Control
Room Supervi sor and Shift Engineer. He joined the NRC
in 1989 as a Reactor Systens Engi neer in Diagnostic
Evaluation in Incident Investigation Branch. He
returned to Calvert Ciffs in 1991 where he progressed
t hrough vari ous positions i ncl udi ng General Supervi sor
of Mai ntenance Assessnent and Princi pal Engi neer of
Auxiliary Systenms. He returned to the NRC in 2004 to
the O fice of Nuclear Regulatory Research where he
wor ked on various projects including the pressurized

t hermal shock project.

Pl ease wel conre M chael. |Is Mchael here?
Thank you.

(Appl ause.)

Now we will proceed with our business

The first itemon the agenda concerns the TRACG code
and its use for analyzing ESBWR stability.

| believe the first speaker is going to be
Bharat Shiral kar from General Electric.

Pl ease go ahead.

MR. SHI RALKAR: Good norning. M/ nane is
Bharat Shiralkar from G E. and Dr. Jens Andersen who
is sitting over there will be helping me with this
presentati on.

What |'ve done is we've got three or four
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10
proprietary charts and I'd like to close the session
at the very end to go through them And within the
non-proprietary presentation, there are a couple of
charts on which |I've taken off the nunbers, but you
have the proprietary version which has nunbers.

TRACG Code is a G E. proprietary version
of TRAC which evolved from the National Labs,
particularly Los Al anps, and incorporates with some
G E. proprietary nodels, particularly the PANAC 3D
neutron kinetics and has been extensively qualified
agai nst data fromvarious test facilities.

The NRC is certainly not newto TRACG
because it's been approved already for several
applications for BWR transi ence and ATWS or pressure
events for BWR stability in support of --

CHAI R WALLI S: Has been approved for BWR
stability. So our concern will particularly be how
this is applied to ESBWR

MR. SH RALKAR  Yes.

CHAI R WALLI S: Thank you.

MR. SHI RALKAR: And has been approved for
ESBWR LOCA applicati ons.

What |'d |ike to do today is to point out
sone di fferences between t he ESBWR and operati ng BWRs

to tell you what some of the mmjor differences are

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

11
that we are consi dering.

W go through sonme of the TRACG
qualification possibility analyses fairly briefly
because | think we've been through sone with the
Subconmittee at the last neeting. And then talk a
little bit about the application nethodol ogy that we
use wi th TRACG

Next slide.

(Slide change.)

MR SH RALKAR: The main difference, the
obvi ous difference in the ESBWR and operating BWRs i s
that the ESBWR has a tall chimey to boost fl ow,
natural circulationflowand natural circulation plan.
So we need to evaluate the possibility of what we call
| oop oscillations that are driven by perturbations in
t he chimey density, in additionto the normal density
of wave oscillations that we consider for operating
pl ant s.

If you look at that figure, you'll see
there are a couple of other differences as well. The
downcorer is wi de open to boost flowand this actually
favors what we call the bore-w de node of stability,
instability, rather than the regional nobde of
stability because of an open region. And also, the

core is shorter. It's one neter shorter than
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12
operating plants and t hat reduces this pressure drop.
So that is a significant inprovenent in stability
per f or mance.

Can we go to the next chart?

(Slide change.)

MR. SHI RALKAR: The other difference is
that the ESBWR core is larger than operating plants
today. The |argest operating plant today is the ABWR
in terms of core size, has 872 bundles. The ESBWR
wi |l have 1,132 bundl es so you can see on that figure
the vast curve is where the shroud would be for the
ABVR rel ative to the ESBWR si ze.

And what that does is having a | arge core
with nore bundles is that we have to eval uate what we
call the regional node of oscillations nore carefully.
This neans that the different regions with the core
can be | ess coupl ed el ectronically and it can have t he
possibility of regions operating out of phase,
oscillating out of phase with each other. So the
| arger core is going to favor the regi onal node of
oscil |l ati on.

Next chart.

(Sl'ide change.)

MR. SH RALKAR: |'d like to show you the

range of the ESBWR paraneters relevant to the

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

13
operating BWRs possibility. I'msorry, this is kind
of hard to read.

The left hand, the little insert figure
t here shows the operating map in ternms of power versus
flow which is plotted on a core bundle basis so that
you can conpare different plants on any equival ent
term And it shows the power flow maps for sone
operating plants on the ABWR and al so show t he ESBWR
curve, shown as the red curve there.

You can see, obviously, the flowrate is
going to be quite a bit larger than for operating
plants at natural circulation. Al the instability
events we had with operating reactors are in the top
| eft hand curve of that map, natural circulation. You
can see it's quite far renoved from where the
operating point of the ESBWR i s.

The rate of condition for the ESBWR i s
actually closer to what we call the MELLLA pl us point
or the upgraded plant operating at sonewhat reduce
flow. And the decay ratio would then be expected to
quite a bit lower than for natural circulation of
operating plants.

CHAIR WVALLIS: So this plant, this figure
shows t hat t he power per bundle is significantly | ower

t han you have experience with already, is that right?

NEAL R. GROSS
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MR. SHI RALKAR: The power per bundle, yes.
It's lower than what it would be for an operating
pl ant rated conditions, yes. The flow would be | ower
as wel | .

The box on the right-hand side, is there
some way | can point to this?

CHAI R WALLI'S:  You just have to describe
it. W're in a circular node here, we can't see that
one. |If you point to that one, we can't see this one.

| think you best just talk about it.

MR. SHI RALKAR: |'Ill just describe it.

MEMBER MAYNARD: Sherry is using a cursor
which will show on all the screens.

CHAIR WALLIS: And Sherry knows what to
poi nt out?

(Laughter.)

MR  SHI RALKAR: The first one, |I'm
conparing di fferent paraneters here that are i nportant
for stability. The first one is the dynamc void
coefficient. And that is in the range of the
operating plants. So you expect the core to be
simlar to the operating plants and the void
coefficient is in the range of the operating plants.

The second row shows the average exit

gquality which is given by the power to flow ratio,
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basically. And that tends to be near the top end of
t he operating plants which is at the MELLLA pl us poi nt
of the operating plants. And the sane thing for the
third row which is the hot bundle exit quality which
againis inthe top end of the operating plant region.

The next row shows the ratio of fuel tine
constant to the flowtransit tine. The inportance of
this is that the larger that nunber, the nore danped
t he feedback fromthe fuel would be to the heat fl ux.
And so t he operating plants woul d have a ratio of |ike
three to five and for the ESBWR, the ratio is six to
seven, primarily because the transit tine is snmaller.
So the oscillation time is smaller for the ESBWR
because of the shorter fuel line and so you get a
| arger rati o and nore danpi ng of the nucl ear feedback.

The next row shows the ratio of the
har noni ¢ sub-criticality to del ayed neutron fraction.
The sub-criticality is a neasure of how likely the
plant is to have regional oscillations. The snaller
the sub-criticality, the nore likely you are to excite
that node, the regional oscillation node. And the
ESBWR because it's larger in size is going to have a
smal l er sub-criticality and is nore likely to excite
t he regi onal node than the operating plants.

And the final one is the ratio of the
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si ngl e phase, two-phase pressure drop and that is
significantly better for the ESBWR t han t he operati ng
pl ants and that's because of the shorter fuel length
and the smal |l er two-phase pressure drop in the region
above the rods of the fuel.

So all of these factors are favorable,
except for the one that has to do with the regional
node of oscillation.

MEMBER ARM JO Bharat, | have a quick
guestion. Is the fuel still a 10 by 10 lattice? |Is
it nore open, |ess open?

MR SH RALKAR: It's a standard GE. 14
light fuel. It is one nmeter shorter and
correspondingly, the length of the rods is going to
be | arger conpared, fractionally larger conpared to
the standard G E 14 which gives you this |ower
conpressed pressure.

The next one, please.

(Sl'ide change.)

MR. SHI RALKAR: This is a conceptual or
schematic map, if you wll, of the stability nap
plotted in ternms of the sub-boiling nunmber and on the
Y axis versus the Zuber nunber on the X axis. And
effectively, this is a non-dinensional sub-cooling

versus a non-di nensi onal power to flow ratio.
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And the dashed line that you see, the
black dashed line that you see is the boiling
boundary, if you will. Anything on the left side of
that is single case. Wen you cross that line, you
start producing the first voids, the first bubbles, if
you will, in the chimey or the core regions.

This regionthere which1'Il call the Type
1 instability region and that region is where you
could have an oscillation, but used by a |oop-type
oscillation that is produced by density variations in
t he chi mey when you first start the voiding process
in the chimmey. And I'll explain that a little bit
nore in the next chart.

Then as you rai se the power |evel, if you
go to the right of that chart, then you cross the
second boundary and you get into another unstable
regi on which you call the typical density wave or the
normal , the oscillation that you m ght see in a BWR --
operating BWR If you were to ook at a simlar nap
for a forced circulation plant, you would not have
t hat doubling back in the Region 1. So the curve wll
continue strai ght upwards.

So we need to consider both these kinds of
oscillations, the Type 1 and the Type 2.

Go to the next chart.
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(Slide change.)

MR SH RALKAR: This shows the mechani sm
for the Type 1 instability.

CHAI R WALLI'S: A question about the |ast
chart. You have a red-dashed line which is the called
t he ESBWR operati on.

MR, SH RALKAR  Yes.

CHAIR WALLIS: Does it end at the highest
val ue that you're going to get for Zuber nunber or is
it just --

MR SH RALKAR  Yes.

CHAIR WALLIS: So it doesn't go outside
t hat stable area?

MR SH RALKAR: That's the rated
condition. Now this map is conceptual. | nean --

CHAI R WALLIS: It's a cartoon?

MR SH RALKAR It's not an ESBWR map per
se.

CHAI R WALLIS:  Ah, so we shouldn't take it
too seriously?

MR SHI RALKAR:  You shouldn't take it too
seriously because it actually canme fromtests that
wer e conduct ed by Commander Van Der Hagen in Hol | and.
He conducted a nmap like this.

CHAIRWALLIS: It's qualitatively correct.
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MR SH RALKAR  Yes.

VI CE CHAI R SHACK: Was the previous curve
a cartoon then too?

MR. SHI RALKAR  This one, no. This is not
a cartoon. This is for the full flow per bundle and
t he bar per bundle that you get in the BWR

This one is a cartoon.

This shows the mechani sm of the type on
inability and these are |low frequency |oop
oscillations, so what's happening is that the
initiation of voiding at the top of the chi mey, you
coul d use -- you change the driving head for the flow.
And that causes sonme possible oscillation. So the
ri ght hand side shows the core and the chi mmey above
it. And the pressure gradient, because of the height
of this reactor vessel, the pressure at the bottom of
the reactor i s about two bars hi gher than the pressure
at the top

That di fference becones significant at | ow
pressure, starting up, for exanple. And so then you
get a saturation tenperature gradient that you see on
the right hand side. Now as you heat up the reactor
vessel slowy, the blue line on the right hand side
you can see the tenperature increasing slowy and at

some point then the tenperature reaches a saturation
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tenperature at the very top and that's because the
saturation tenperature is falling as you go up and
that's where you start getting the first initiation of
voids in the chi mey.

When you initiate the first voids in the
chi mmey, the lower figure shows that you're going to
drop the density in the chinmmey. You're going to
increase the flowcomng into the chimmey. This then
stands to quench the voids and increase that density
again and the flow agai n goes back down. So you get
a cycle like that, what we call Type 1 oscillation.

Now these kind of oscillations are not
possi bl e during normal operation and that's because
the perturbations in the chimey void fraction of
density are much snmaller. Wen you first initiate
voids in the chimey, the changes in the density are
| arge and at | ow pressure you get |arge bubbles in the
chi nmmey, significant change in the density in the
chi mey.

But at normal operation, the chimey is
operating around 80 percent void fraction and so the
changes in the al nost saturated region in that sense,
of sone of the void fraction. And the perturbations
are small and the neutronic feedback would tend to

mai ntain constant void fraction in the critical
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reaction. 1In other words, if the fl ow goes down, the
void fraction tends to go up, but then the power cones
down to maintain nore or |ess constant void fraction
in the reactor. So this effect of the feedback is
consi derably mtigated.

The next one.

(Sl'ide change.)

MR SHI RALKAR: | shoul d have said at the
bottomof the slide there that TRAC has been qualified
agai nst data for this type of instability and |'m
goi ng to show you sone exanpl es of that.

Next slide, please.

(Sl'ide change.)

MR. SHI RALKAR: Type 2 instability is what
we call the standard density wave oscillation and
these are like .7 hertz in the ESBWR | n operating
pl ants, they would be on the order of .4 hertz. The
difference again is because you have a |arge higher
flow rates and we have a smaller length of the core
and so the frequencies here are sonewhat higher than
operating plants. And these are observed in the
ESBWRs and coupled with thermal hydraulic neutronic
stability you could have either the core wde or
regi onal nodes, out of phase nobdes, that have been

observed in plants. And these are joined prinmarily by
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frictional pressure drop perturbations. And TRACG has
been qualified against data stability as well.

(Sl'ide change.)

MR SH RALKAR. Wth that, 1'd like to
nove into the TRACG stability qualification basis and
"1l show you a few exanpl es, sone of the highlights.
This was di scussed at length in the | ast Subconmittee
neeti ng.

TRACG has been qualified against a |large
nunber of test facilities and operating plants. The
chimey void fraction was -- it's a new area because
you have now -- a chimey consists of perturbations
that are 60 centineters in each cell. So these | ook
like fairly large regi ons and we got data fromOntario
Hydro in a pipe that was 52 centineters in dianeter
which is a fairly large size and we got a | arge range
of void fractions. That has been conpared wi th TRACG

Type 2 stability tests, we have data from
the FRIGGtest facility that has been conpared agai nst
TRACG. W have a nunber of events and tests from
operating plants. The LaSalle core-wide limt cycle
event; Leibstadt regional Iimt cycle stability test;
Forsmark stability test; Cofrentes instability event;
Peach Bottom 2 stability tests.

And then we have Type 2 stability tests
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which are the loop oscillation at the onset of
voiding. And those are CRIEPI/SIRI US.

W al so have data fromthe Dodewaar d st art
up. Dodewaard is a small plant, 183 nmegawatts, but
it's very much like a miniature ESBWR in the sense
that it has a chimey region, it has a core region
It is an active circulation plant. It starts up the
samre way. And we've never seen any type of
oscillation in that plant, but we have sone
conpari sons against a typical start up as well.

Next chart.

(Sl'ide change.)

MR. SHI RALKAR: |'m going to show you a
few exanpl es of the qualification basis here and Dr.
Ander sen di scussed these in nore detail last tine and
if you want nore detail, we can have hi mcone and tal k
about sone of these again.

The Ontari o Hydro void fracture tests were
performed in |large-dianmeter pipes, 52 centineter
pi pes. Measurenents were made 7 neters fromthe inlet
whichis -- 7 neters is about the | ength and hei ght of
the chimmey as well. And the tests were done at 64
bar, 280 degree C. And the tests were performed by
circulating the flow with a large punp and then

withdrawing liquid fromthe | oop to i ncrease the void
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fracture in the loop as you went around.

And the right-hand curve shows a typica
exanpl e of the void fracture changes with tinme. The
vertical axis is avoid fracture. The horizontal axis
is the tine. Void fracture neasurenents were nade
wi th the gamma, ganma beam attenuati on nethod. There
are five ganma beans used across the cross section to
give you a cross sectional void profile. And void
fraction, there were three periods that are marked
t here t hat show where essentially steady void fraction
condi tions were achieved and the flow rates were
varied to get a range of void fraction versus fl ow
ki nd of dat a.

The TRACG conpares quite good. The
di fferences are on the order of 2 to 4 percent.

CHAI R WALLIS: These are just steady void
fractions. There's no perturbation propagating this
by now?

MR. SHI RALKAR: No, they're steady in the
sense that the void fractionwill slowly increase over
an hour.

CHAIR WALLIS: Right. It would be nice if
you also had -- been able to fluctuate the void

fraction in some way and see how it propagat ed.
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MR SHI RALKAR:  Yes.

CHAI R WALLIS: Maybe we'll discuss that --

MR. SHI RALKAR  There was sone natura
fluctuations just because of some flow rate changes.

Next chart.

(Sl'ide change.)

MR. SHI RALKAR:. The FRIGG stability tests
were conducted in Sweden and this is the natural
circulation loop with a 37-odd bundle and the riser
region which also acts as a natural separation zone
and then the flowis returned, condensed and returned
back to the downconer.

The little figure on the inset on the top
ri ght-hand side shows the characteristics of natura
circulation flow versus the power level. And you can
see that TRACG predicted a natural circulation flow
quite well. | think the difference is on the order of
1 or 2 percent.

And then tests were done were the power
was i ncreased in steps until the fl ow becanme unst abl e,
so you could see oscillations inthe inlet flow. And
the onset of this instability whichis a certain power
| evel that leads to this instability was neasured and
cal cul ated by TRACG and the | ower figure shows these

predictions conpared to the data at different
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pressures ranging from2 MPA to 5 MPA

And again, TRACG is doing quite well and
slightly conservatively in terms of predicting these
results.

Next chart.

(Sl'ide change.)

MR. SHI RALKAR: Moving on to sone of the
pl ant tests or events that have happened, the LaSalle
instability event happened in March of 1988. It was
caused by operators testing the RCICinitiation |logic
and i nadvertently caused a trip of both recirculation
punps. The punps coasted down to a flow of about 30
percent and 43 percent power |evel and after about 5
m nutes or so as the feedwater heaters isolated, the
power increased slightly and oscillation started up 5
and a half mnutes into the transient. At 7 mnutes,
the oscillations had grown enough that it caused an
APRM SCRAM

TRACG was used to analyze this event and
you can see that the natural circulation flow is
calculated quite accurately in the top figure. The
| oner figure shows the section, the nore or |ess |ast
section of the APRM si gnal

TRACG is capturing the frequency quite

well and the frequency, the tinme needed for the
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oscillation is about 2.2 seconds and TRACG capt ures
that very accurately.

It al so predicted the increase inthe APRM
signal as time went on. Now there was a conplication
in this event that the feedwater valve actuator was
sticking so that was i nposing a slower oscillation of
40-second time period, oscillation, on the whole
transient. And so every tinme the feedwater
tenperature went down a little bit, the power |evel
woul d go up and then it woul d cone down again, so you
can see t he sl ower transi ent, 40-second wave transi ent
can al so be seen.

And eventually, it got to a point where
the APRM |evel went high enough that the SCRAM
reacted. And TRACG cal cul ates the behavior, the
phenonena quite well.

Next slide.

(Sl'ide change.)

CHAI RWALLIS: Does it keep on oscillating
after it's scrammed? The red curve keeps goi ng on?

MR. SHI RALKAR: The red curve actually
went on and | think scranmed a little later or maybe
the scramwas not set in the TRACG cal cul ati on.

Jens, can you help us with that?

MR. ANDERSEN:. Does this work? Actually,

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

28
t he plant scranmed and the end of the red curve is an
indication of the tine where the scram took place.
Since this was not a planned test, actually, the only
data that were recorded were the | ast 60 seconds pri or
to the scramand that's what you see in the figure.

MR. SHI RALKAR: Does that answer your
guestion, G ahanf

CHAIR WALLIS: Well, | guess you stop
TRACG at a different tinme than the SCRAM The bl ue
curve stops before the red curve and that's what
puzzl ed ne.

MR.  SHI RALKAR  Yes, that's a snall
difference in the calculation. |It's a close ratio for
the oscillation, so TRACG reads the APRM set poi nt at
about 400 seconds whereas the data were nore |ike 408
or 410 seconds into the event, which to nme is quite
cl ose.

CHAI R WALLI S: Thank you.

MR SHI RALKAR: The next is the Leibstadt
regional oscillation stability test. These tests were
actually tests conducted during the start-up of the
plant in Cycle 1 in 1984. And these tests were
showing four points here. These are points done
basically where the punps are operating at the |ow

speed and the flow control valve position opened for
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points 4 and 5 and at the m ni num position for points
4A and 5A

And all these cases resulted in regiona
oscill ation, out-of-phase, side-to-side symetrically,
around a line of symretry.

Next chart, please.

(Sl'ide change.)

MR SH RALKAR:  This shows TRACG
cal cul ations. The top curves just shows that the
TRACG is calculating two channels, A and B, on
opposite sides of the line of synmetry to be
oscillating out of phase.

The bottom right-hand block shows the
actual oscillation contour which is the magnitude of
t he APRMoscil | ati on ambunt versus the positioninthe
core. So as you nove in fromthe outside to the
i nside, on one side of the core you have bundl es t hat
are 13, 9, 5 and 1. And the nmaximum anplitude is
occurring around position 9 to 11. And on the other
side of the core you have nunbers 3, 7 and 11

And TRACG i s predicting the nagnitude of
the contour quite well. And actually, this contour
corresponds very nicely to the shape of the regional,
the first harnonic of the neutrons. And so the

characteristics of regional oscillations have been
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successfully cal cul ated by TRACG

Next chart.

(Sl'ide change.)

MR. SHI RALKAR: The oscillation conpares,
as | showed you earlier, were all limt cycle
oscillations. So we wanted to al so include sone data
t hat produced very | ow decay rati os because ESBWR was
operating not at limt cycle, but at | owdecay rati os.
W wanted to see how TRACG would do when the decay
ratios are lowlike .3 to .2.

And Peach Bottomtests were perfornmed in
Cycle 2, 1977. And these are done with the old 7 by
7 fuel and so the plant was extrenely stable and the
decay ratios ranged in the neighborhood of .1 to .3.
Tests were performed at the mnimum recircul ation
speed curve and at one point at a slightly higher flow
rate. And these tests were then anal yzed by TRACG and
you can see on the next chart, it conpares with other
decay ratios between TRACG and data and |'m not
showi ng the nunbers on this chart, but | think the
handout that you have shows the nunbers as far as the
difference is a concern. And we are happy with this
kind of error in the predictions.

| should nmention that this is one case

where the frequency is not calculated as well. The

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

31

frequency for the oscillation was cal cul ated by TRACG
to be around .3 Hertz and the data is nore like .4
Hertz. And we are not sure -- this is one of the very
few cases where the frequency is different than what
is calculated to be.

Normal |y, the frequency is very easy to
cal cul at e based on just the transport tinme of the wave
put through the core.

Next chart.

(Sl'ide change.)

MR. SHI RALKAR: |'m noving on now to sone
of the Type 1 oscillation tests. And this again is
the oscillation that are driven at the onset of the
first wvoiding in the system a |oop-type of
oscillation. These tests were performed in Japan by
an organi zation called CRIEPI and the test facility is
called SIRIUS. And the test geonetry consists of two
heated test sections, 1.8 neter long and a 3-neter
chinmmey on top of that.

And the tests were performed by starting
wi th a high subcooling at a gi ven power | evel and t hen
increasing the tenperature of the inlet slowy until
oscillations are observed.

Next chart, please.

(Sl'ide change.)
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MR. SHI RALKAR So the chart on the left-
hand side shows a conparison of the flowin the
downcorer, the inlet flow, if you will, versus tine.
The dashed curves are the TRACG cal cul ati ons and the
solid curves are the data.

So as we start with the red curve at the
bottom that's the one at the highest subcooling.
There is no boiling at all anywhere in the systemand
there is no oscillationinlet flow W have to start
i ncreasing the tenperature, the second curve fromthe
bottomwhich is at five degrees subcooling. You can
see that it has periodic increases in the flow, al nost
i ke spikes and they' re about 50 seconds, 70 seconds
apart.

TRACG cal cul ated that same phenonena. It
didn't calculate the frequency correctly. The TRACG
is calculating at about 50 seconds and the data is
showi ng about 70 seconds or thereabouts. Wat's
happeni ng here is that when you produce voids at the
top of the chimey, you get a sudden increase in the
flow. And basically you' re getting a |large increase
in the flow, fills the whole S section with cold
water. And then you will wait until that water heats
up again to saturation and then can produce the next

spi ke.
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So this tinme period is set not only by
transport through the system but it's set by the tine
required to heat up that liquid, after it has filled
up the whole section. And TRACG is calcul ating
somewhat smaller flows and t herefore somewhat shorter
times to reheat that section again and cause t he next
spike. So the frequency is a little off, but the
phenonena is as predicted..

And then you go to the next curve whichis
again, a slightly higher tenperature and now t he
oscil I ati ons becone nore continuous. The heat-up tine
is now pretty much gone away. And TRACG is not
predicting that frequency quite well. It's alittle
smal | er anplitude.

And then finally, the top nobst curve is
where you' ve got steady voids in the chimey and the
situation now has becone stable again.

So this can be plotted in terns of the
stability map, on the right hand side, shows a
stability map that's plotted in terns of the vertical
axi s being the channel heat flux, sorry, sub-cooling.
And the horizontal axis being the heat fl ux.

So at the given heat flux, as you i ncrease
t he sub-cool i ng, you encounter first an unstabl e poi nt

and then if you go on decreasing it, you get to a
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stable region. And so you can produce a npa like
this, at different heat fluxes, and then again TRACG
is predicting the size of that map quite well.

Next chart.

(Slide change.)

MR SHI RALKAR: These are similar tests
that were done in that sane facility at 7.2
nmegapascal s. So again, the same kind of behavior was
observed. Wen you start getting voids in the
chi mmey, you start this oscillation phenonenon and
then as you go to higher tenperatures of the inlet,
the oscillation stops.

In this case, the data i s sonewhat better
because they neasured void fractions as well in the
riser section of the chimey section. And the top
curves show the conparisons of the void fraction
oscillations in the chimey versus TRACG

And the | ower left-hand figure shows the
conpari son of the inlet flow and again TRACG is doi ng
an excellent job in calculating the void fraction
changes and t he corresponding inlet fl ow changes with
tinme.

CHAIR WVALLIS: So this is a high-pressure
test?

MR. SHI RALKAR: It's a high-pressure.
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CHAIR WALLIS: In the sanme facility?

MR. SHI RALKAR: Sane facility, yes. But
now with better instrunentation, so they have void
fraction measurenents.

And the bottomright figure shows again a
simlar map, if you will, of the unstable region and
t he boundary that's drawn there, the solid line is a
TRACG cal cul ator boundary and then there are sone
points there that show where the actual neasured
unstabl e region was and the correspondence again is
gui t e good.

Now just for a point of reference, |'ve
shown al so the actual normal operating conditions for
the ESBWR at the bottomthere and | don't know if you
can see that little point at the bottom but that's
how far the normal state is in terms of the sub-
cool ing and where we actually get these oscillations.

CHAIR WALLIS: And this test as done with
a full-scale --

MR. SHI RALKAR: It was done with a one
point meter core with three nmeter chi mey.

CHAIR WALLIS: Not quite full scale.

MR. SH RALKAR: Not quite full scale. |'m
sorry, five neters.

CHAIR WVALLIS: Five neters. |It's getting
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t here.

MR SHI RALKAR: Yes. Next chart.

(Sl'ide change.)

MR SH RALKAR:  The | ast one,
qgualification conpares -- and I'mgoing to showis a

Dodewaard start up. This is not a very satisfactory
conpari son because the plant data are kind of sparse
and the instrunentation is all at either the bottom
end or out of scale, typically, as far as the
nmeasurenents at the start-up conditions are concer ned.

W especially ran these tests because at
about this time, this was about 1992, there was a | ot
of papers in like, for exanple, the CRIEPI test and so
on in Japan, that tal ked about Type 1 oscillations.
And Dodewaard had never seen these oscillations. So
we wanted to see if they could see themby going very
slowy and doing these tests at different points.

The bottomline is they never did see
anyt hing. They couldn't see any oscillations, but
when they went back again and | ooked at the LPRM
signal s and did sone ot her correl ati on anal ysis of the
signals, the topic they could perhaps see a danped
oscillation of about 10 second frequency. But there
was not hing visible on the instrunentation.

CHAIR WALLIS: So it was 10 seconds, it
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was probably a natural circulation type?

MR. SHI RALKAR: Yes. It would have to be
at the start-up phase. So what we have in the
Dodewaard start up are some nmeasurenents that were
done at fairly large intervals in tine. And then we
have to sort of fill ininthe mddlein ternms of what
t he conditions m ght have been.

The first plot onthe |l efthand side is the
power as it was raised in the plant. The power was
actually cal cul ated two ways. One is fromthe neutron
flux measurenments which are nore or |ess continuous.
And also, froma nore reliable way which is the --
froma heat bal ance net hod which is only done at a few
poi nt s.

The esti mat ed accuracy of t hese
nmeasurenents is about 50 percent, plus or mnus, at
these low power |levels. So they' re not very
satisfactory froma core calibration point of view

What we did was we actually input the
power as nmeasured into TRACG for the simulation. The
bottomright hand side shows the pressure change and
at the very low end, what was done was we had
reasonabl e nmeasurenment of the steam flow, but the
pressure accuracy was not very good, so we input the

steamflowinto TRACGto cal cul ate the pressure. But

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

38
beyond about 25,000 seconds, we actually input the
pressure into the code. So you can think of this nore
or less as an input to the code.

Next chart.

(Slide change.)

MEMBER DENNI NG On that chart, | didn't
understand on the |l efthand chart, is the one with the
oscillations in it, that's the TRACG?

MR SHI RALKAR: The one in the oscillation
is the neutron flow.

MEMBER DENNI NG  That's the neutron flow

MR SHI RALKAR: Qut of core, neutron fl ux
nonitors and that's the neutron fl ux.

The points that are shown are the
cal cul ated power from the heat bal ance and the
continuous curve is tracked as.

MEMBER DENNI NG And the reason for this
variability in the neutron flux is just measurenent?

MR. SH RALKAR  Partly neasurenent and
partly, | think, as you pull it out, you get sone
spi kes and it goes down agai n.

MEMBER DENNI NG | see.

MR SH RALKAR: Go to the next chart.

(Sl'ide change.)

MR. SHI RALKAR: These are what you m ght
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call the -- the first two bl ocks I showed you actually
i nputs the code. These are actually sonme of the
outputs that we conpared wth, wth the code
calculations. The lefthand figure is the sub-cooling,
the local sub-cooling in a downcomer which is
cal cul ated reasonably well. And the righthand curve,
actually the one that we're nobst interested in and
that is the downconer velocity.

Now what Dodewaar d was two t her mal coupl es
in the downconer, |located at the el evation of the top
of the core and the bottomof the core. And the cross
correlation of those two thermal couples is to
calculate a velocity in the downconer.

The accuracy of this neasurenment i s about
10 percent at these conditions. So there are not too
many poi nts here as far as data is concerned. You can
see one point at about 6,000 seconds and t hen t he next
one is around 30,000 seconds.

TRACG i's cal cul ating some snal
oscillation in the flow, the flownoise, if youwll,
around 20,000 seconds. And this is what you call a
Type 1 oscillation is when TRACG first cal cul ates
voiding in the top of the chi mey.

Unfortunately, you don't have neasurenents

here to either confirm or not confirmthis. The
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neutron nonitoring instrunentation certainly didn't
show any evi dence of any oscillation at all or in-flow
noi se. The data from 20,000 to 40,000 seconds, the
velocity is | ower than what TRACG cal cul ates and the
best guess we have as to why that's happening is that
t he power that was being used as an input to TRACGi s
probably a little bit high in this case. And we have
evi dence from another source and that is that the
steanflow rates also are quite a bit higher in the
TRACG cal culation than in the prime nmeasurenents.
So we think nost Ilikely the reason for that
di screpancy between 20,000 to 40,000 seconds is
because of the uncertainty in the power neasurenent.

But the main thing we wanted to get out of
this was to see how TRACG woul d cal cul ate the start-
up, calculate large oscillations and you will see the
oscillations in the data. As far as that is
concerned, we couldn't -- TRACG calculated snal
oscillations, but nothing was seen in the data.

Next chart.

(Sl'ide change.)

CHAIR WALLIS: Bharat, we're noving to
your summary curve, summary slide here?

MR SHI RALKAR:  Yes.

CHAI R WALLI S; In the Subcommittee, we
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spent sone tine on the question of whether or not you
were nodeling void propagation properly in the
chi mey?

MR, SH RALKAR  Yes.

CHAI R WALLI'S:  You renenber, and we tal ked
about artificial Courant nunber type snearing of this
void fraction and |'ve got -- you probably got this
nessage fromne that in your presentation, on page 10,
you have a theoretical predictionthat voids propagate
on change and in your slide study 13233 you put in
some perturbations and t hey propagated on change. But
on slide 14, when you were nodel i ng ESBWR, you' ve got
attenuation. It |looked as if sonething was wong with
your Courant nunber or sonething.

MR, SH RALKAR  Yes.

CHAIR WALLIS: Either there's sonething
wrong with TRACG or you have to be very careful about
how you use it in terms of Courant nunber.

MR. SH RALKAR: Yes. | was going to
answer that question in the cl osed session.

CHAIR WALLIS: That's fine.

MR. SHI RALKAR: |I'mgoing to get to that.

CHAI R WALLIS: Okay, you will.

MR. SHI RALKAR: But you're right, the

short answer --
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CHAIR WALLIS: You will get toit. That's
all I need to know. You'll tell us.

MR. SHI RALKAR | was coming to the end of
my stability qualification, but I do have another
smal | section of the application.

CHAI R WALLIS: Okay.

MR SHI RALKAR: So bear with ne.

CHAI R WALLI S: Thank you.

VR. SHI RALKAR: The stability
qualification, the sunmary, in summary, the natura
circulation flowrates are cal cul ated accurately. And
the onset of stability was calculated well for the
thermal hydraulics stability, the FRIGG test.

For the Type 1 loop oscillations, the
CRIEPI test, the loop oscillations and instabilities
were wel |l predicted and the i npact of the chi mey was
calcul ated properly in ternms of the void initiating
the chimey and driving the |oop flow.

The plant instability, also the bore and
regional node were both well predicted, consistent
with the uncertainty of the plant calculations. So
our summary is that TRACG is capable of performng
pl ant stability cal cul ati ons.

Next chart.

(Sl'ide change.)
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MR. SHI RALKAR: Wth that, 1'd like to
nove into how we're using TRACG for this application,
and given that now we've been showing you sone

evidence that TRACG is qualified to be used for that

application. And we are using TRACG for denobnstrating

stability margin stream normal operation and steady
points falling and dissipated transients.

W are also using TRACG to calculate
start-up projectories and to denonstrate that we have
a snmooth transition in pressure and power with the
m ni mum of flow oscillation and | arge MCPR nargi ns.
And G E. is requesting approval fromthe NRC for the
use of TRACG for analyzing and denonstrating
conpliance with the stability limts for the ESBWR

Next chart.

(Sl'ide change.)

MR.  SHI RALKAR: Types of stability
anal ysi s we consi dered are what we cal |l single channel
hydr odynani ¢ anal ysis which we evaluate froma ful
response to an inlet core perturbation to a single
channel. Typically, the high power channels are
perturbed. And we | ook at the response and extract
particul ar issues fromthat response.

W also have done what we call a

"super bundl e", hydrodynam ¢ anal ysis which i s done by
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perturbing the flowto a group of 16 bundl es under a
comon chimey cell, so we perturb that whol e sel ect
group of bundles, along with the chi mey cell and then
| ook at the response of that cell.

W look at <core stability which is
eval uated by a power response which results from a
core-wi de pressure perturbation or a core-wi de flow
perturbation. And we've done both of them which show
conpatible results. And regional stability is
eval uated by applying -- by evaluating the power
response to symetri c out - of - phase fl owperturbations.
So inthis case, we actually cal cul ate the position of
the line of symetry and the regional harnonic and
t hen we apply out - of - phase oscill ation of perturbation
inflowto opposite sides of the core and eval uate the
response.

CHAIR WALLIS: You also will be using

TRACG, presumably, for ATWS anal ysis and that tine of

t hi ng?

MR SH RALKAR: Yes, we wll.

CHAIR WALLIS: And we'll have to see how
well it works on those, and sone sort of independent
investigation with you, | think.

MR. SHI RALKAR: Yes. | think we are doing
t hat --
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CHAIR WALLIS: So we're not saying that
TRACG can do everything. W're saying it can do --
| ooks as if it can handl e the kinds of things you' ve
i sted here.
MR  SHI RALKAR: W think it can do
everything, but | haven't shown that to you yet.
(Laughter.)
CHAI R WALLIS: Well, it can nmake sone sort

of prediction of everything. The question is how good

is that.

MR SHI RALKAR: Next chart.

(Sl'ide change.)

MR. SH RALKAR: The ESBWR stability
licensing basis, now the nost limting point of --

operating point for stability analysis is rate of
conditions for the ESBWR  Unlike the operating plants
which is an off-rated circulation point, with ESBWR
the nost limting point is the rate of condition and
so we have to be sure that we have a | arge nargi ns at
rated condition.

And so we want to establish a high degree
of confidence that at rated conditions, the decay
ratio are well within conservative design linmts for
channel stability, core stability and regional

stability.
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As a backup, the ESBWR would also
i mpl ement an LPRM based det ect - and- suppress sol utation
as a defense-in-depth system This is so-called
Option 3 that is currently used on today's plants.

Next .

(Sl'ide change.)

MR. SHI RALKAR: This is an eye test.
Sorry. W are applying TRACG in conformance with the
code- skewing applicability uncertainty nethodol ogy
which is a fairly rigorous and systemati c net hodol ogy
for applying the best estinmate code.

|"msorry you can't read this, but let nme
point out just a fewitens here that are nost
inmportant. One is we go through a formal phenonena
identification and ranking table to identify the
i nportant phenonena and t hese phenonena are used to
establish the nodel applicability by |ooking to see
whet her the nodel, the code has the appropriate
nodel s.

They're also used to evaluate the
gual i fication database and then to performvalidation
agai nst a representative database for all of these
i nportant phenonmena. And finally, we established the
uncertainty in these inportant phenonena and then

conbine it in a statistical basis.
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Next chart.

(Sl'ide change.)

MR. SHI RALKAR: I n the TRACG application
nmet hodol ogy, we cal cul ate the figures of nerit for the
core, channel and regional decay ratios at the
limting operating conditions.

Ve statistically account for t he
uncertainties and biases in the nodels and pl ant
paranmeters using the Monte Carlo nethod and we
denonstrate that the decay ratios neet the design
criteria with sufficient margin for uncertainties at
t he 95/95 | evel

Next chart.

(Slide change.)

MR. SHI RALKAR: The limting conditions
for stability are actually at the rated condition. At
this point, I"'mslightly out of order here with one
chart, but I want to stop at the end of this chart and
go into cl osed session.

(Wher eupon, at 9:28 a. m, the neeting went

into cl osed session.)
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OPEN SESSI ON

9:46 A M

CHAIR WALLIS: It's always a pleasure to
wel comre Dr. Ral ph Landry. W' re now in open session.

DR. LANDRY: M/ nane is Ral ph Landry from
the staff. | think I should apol ogi ze at first
because if | understood the ganme plan today | would
have put four slides on a page. Unfortunately, | put
one slide on a page and you are able to read the
sli des.

The review --

CHAI R WALLI'S: You put all words -- oh,
you have got sone curves.

DR LANDRY: W have some curves. W are
engi neers and we can't get by w thout putting some
plots in.

The reviewthat the staff performed of the
application of TRACGto stability in ESBWR was done by
a teamof reviewers: Veronica Smth -- Veronica Kl ein
-- | don't know where that one cane from Veronica
Klein and Peter Yarsky of the staff performed an
excellent job in doing this review W were assisted
by Jose march-Leuba at Oak Ri dge National Laboratory

and Jay Spore now at Information Systens Laboratory.
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MEMBER DENNI NG They're not going to be
here today, that's true, yes?

DR. LANDRY: That's correct. |I'mgoing to
do the presentation until the questions conme in and
then I'Il call on Jose and Veroni ca.

MEMBER DENNI NG Ckay. | think we shoul d,
for the people that were on the Subconmm ttee, and for
t hose who were not present, should recognize that we
di d have sonme excel |l ent presentations fromthe staff's
consultants which | think helped answer a |ot of
guesti ons.

DR LANDRY: Thanks, Rich

CHAI R WALLI'S: Mbve al ong, we've got a | ot
of slides.

DR. LANDRY: | can nove through the first
nunber of them pretty quickly. The outline of the
presentation just covers sone of the material that |
want to tal k about today. Sherry. The previous
briefings that we had on TRACG this just points out
t hat TRACG has been used for ot her applications, AOCs
and operating plants, we applied it to the LOCA and
t he ESBWR and now we' re tal ki ng about stability in the
ESBWR

| t is currently under review for

application to AO0s and the ESBWR and to ATWS
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stability --

CHAIR WALLIS: Can | just confirmthat
this application to anticipate operating ESBWRs. |Is
TRACG approved for use for AOOs and stability anal ysis
in BARS?

DR. LANDRY: It's approved for ACGCs.

CHAIR WALLIS: It's not yet approved for
stability analysis of BWRs, is that --

DR. LANDRY: It's been off and on appli ed,
but the staff has not formally reviewed and approved

it. It's under review for stability in the operating

CHAIR WALLIS: G E.'s presentation says
it's been approved for BWR stability.

DR. LANDRY: It's actually under review
and that approval will be com ng shortly.

CHAIR WALLIS: So they're safe in saying
approved for application to BWR stability in support
of the detect and suppression nethodol ogies. |s that
correct or not?

DR LANDRY: It's been used for the detect
and suppr ess net hodol ogy, but for general stability in
the operating fleet it is currently under review.

CHAIR WALLIS: Ckay, so we don't have that

base to build on. | think we need to know t hat.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

51

DR. LANDRY: The objective on the next
slide, Sherry --

(Sl'ide change.)

DR LANDRY: -- was to determne the
acceptability of TRACG and the prescri bed net hodol ogy
whi ch you' ve al ready di scussed sonewhat with Genera
Electric to predict instability in the ESBWR desi gn.

The next one.

(Slide change.)

DR. LANDRY: Very quickly, some of the
instability nodes that can occur in a BWR -- are the
ones that we are concerned with in here is the density
wave stability node. The control systeminstabilities
are not a factor of the conputer code and fl ow reginme
| oop oscillations as R ch Denm ng just pointed out,
were presented in depth at the Subcomr ttee neeting by
Jose March- Leuba.

The next done.

(Sl'ide change.)

DR. LANDRY: Wiy is it inportant to
anal yze BWR density wave stability? Because a nunber
of events have occurred and this lists those events
whi ch have occurred in the United States. There have
been other events outside of the U S. and in each of

t hese cases we see a periodicity on the order of two
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to three seconds that has occurred in power flow
instability.

And the next one.

(Sl'ide change.)

DR. LANDRY: The key question and as you
have already pointed out, M. Chairman, is can TRACG
predi ct an oscillation in power and flowin the ESBWR?
Can it predict a density wave transport through the
codes? Do nunerics permt the oscillation to occur,
whi l e not causing the oscillation. And do the code's
nunerics permt the oscillation to be danped by the
physi cs of the system rather than causing t he danpi ng
such as we just di scussed with Courant nunber and | "1
go into in nore detail of the study which we did of
t he Courant nunber effect. And do numerics prevent a
danpi ng to occur?

You al ready saw and we're not going to
project this figure becauseit's proprietary, the node
for looking at stability in the ESBWR and on page 33
of the handout which [|'ve given you, which is
proprietary, we give you the fl ow power operating nap
for the operating fleet in the United States. And
this is a conbination of calculation and enpirica
data. The plan with use of TRACG is instead of using

enpirical data and calculation, it uses a purely
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enpirical calculation to predict stability in all
t hree nodes, the channel, core-w de and regional or
out of phase as was shown in this slide, Slide 31 in
Bharat's presentation.

This is a departure in getting away from
usi ng enpirical information and we, of course, support
any time that you can give to a good, solid
cal cul ati onal base for doing the analysis.

If we could go to Slide 8.

(Sl'ide change.)

DR.  LANDRY: The scope of the TRACG
applicationis to apply the code to stability and the
ESBWR design. This is not a review of the ESBWR
design. It is not a review of stability in the ESBWR
design. It is a review of the code. But we have to
do a cal cul ati on based on t he physi cal characteristics
of the ESBWR design to determne if it's applicable.
And that's where we keep referring back to ESBWR
har dwar e conponents, the chi mey conponents, natura
circulation and so on to support that the code can do
the calculation for this design, but we are not
passi ng judgnent at this point in time on the design.
That will come during the design certificationreview

The scope of the review is to ook at

prediction of oscillations. The use of the code, we
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have to enphasize is for steady-state conditions,
whet her they are steady-state operating conditions or
steady conditions associated with an AOO. The pl ant
is taken through an AQO and arrives at a new steady-
state condition and at that new steady-state
condition, the decay ration is cal cul ated based on a
perturbation applied to the core.

The code is not used to predict decay
ratio or oscillatory behavior during the course of an
AOO. You must take the plant to a new steady-state
condition to use the code to predict stability. W
have revi ewed the code for use during early phases of
start up and we' ve specified in the SER that this is
until you reach the point of power ascension. W say
that because the assunption in the review at this
point in time is that you have steady-state xenon,
whether it's operating or during the start-up
procedure. You're not considering transient xenon
condi ti ons.

We have stated in the SER that should the
code be used for the ascension phase of power, that
you have to run panic 11 nodule with TRACG whi ch can
predict the transient xenon. W have not revi ewed
that though and should it be used for the transient

portion of the start-up phase, we would go back and
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review panic 11 and the transient xenon condition.

Next slide.

(Sl'ide change.)

DR. LANDRY: The approach that has been
taken is that, as Bharat has already said, the
application follows CSAU. During the review, we went
t hrough an in-depth review of the PIRT, phenonena
identification and ranking table. W determ ned that
yes, we do agree with the high and nedi umranked
phenonena whi ch have been identified in that table and
we feel that the table is appropriate.

W reviewed sonme specific nodels which
"Il go into in a few mnutes. W reviewed the
assessnment and 1'I1l talk about the assessment very
briefly. Bharat has gone through that rather heavily.

| would point out at this tine that when
we did the review, the assessnent, we did not limt
the review to the material that was submtted in
support of the application of TRACGto stability for
the ESBWR. We went back and | ooked at the assessnents
that were performed in the TRACG qualification report
from a nunber of vyears ago, the TRACG SBWR
qgualificationreport and the TRACG ESBWR qual i fication
report, in addition to the stability report itself.

So when we did this assessnent review, we
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| ooked at the entire depth of the assessnent program
that was used for TRACGto deternine yes, it has been
shown to be capable for this application. W reviewed
the nunmerics and in a few minutes I'Il go through a
numeric study that we did, |ooking at the effect of
t he Courant nunber and the integration techni que that
i s used.

W di d i ndependent cal cul ati ons using the
TRACG code itself, briefly which I'll talk about in a
m nute. We did independent cal cul ati ons using the
LAPUR code which is a frequency domai n anal ysi s tool,
a contractor at OGak Ridge National Laboratory used
LAPUR and we di d some voi d nodeling reviews which I'1I1
al so tal k about in a mnute.

CHAI R WALLI S:  TRACG and TRACE have conmmon
ancestry.

DR LANDRY: Sonewhat .

CHAI R WALLI'S:  You didn't use TRACE. You
chose to use TRACG

DR. LANDRY: Right, because at this point
in time, TRACE has not been assessed for application
to stability. That's not saying it can't do
stability. |It's not saying it can yet either, because
t hat assessnent for stability application has not been

done at this point intine. So we wanted to stay with
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as few as variables in this review as we coul d.

If 1 could have the next slide, Sherry.

(Sl'ide change.)

DR. LANDRY: Key nodel s and phenonena t hat
were under review. This is a natural circulation-
driven machine as Bharat pointed out. The driving
head is bal anced by |oop flow | osses and Jose March-
Leuba went through a detail ed discussion at the March
Subconmmittee neeting on loop flows and why we can
focus the review on the density wave propagati on.

And the next slide.

(Sl'ide change.)

DR. LANDRY: |In the BWR, we have a coupl ed
neutronic thermal hydraulic and density wave feedback
system that is considerably different than in a PWR
because in a PWR you don't have boiling in the core,
so you don't have this strong feedback effect between
t he voi ding and the neutronics that you do have in the
BWR whi ch, of course, nakes the BWR nore susceptible
to instability events.

Density wave propagation, of course,
depends on the vapor velocity. And if | can go to the
next slide.

(Sl'ide change.)

DR. LANDRY: |'Il just go through the next
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couple of slides very briefly because Bharat went
t hrough the assessnent pretty heavily.

W | ooked at the assessnent that was done
on TRACG and determ ned that the assessnent was over
a wde range of pressures, heat flux, inlet
subcool i ngs, nat ur al circulation flows, usi ng
information from the Dodewaard facility which
interested us a great deal because it was a natura
circulation of plant with a snall chi mey, even t hough
it was a considerably smaller plant and has now been
shut down. It was still a natural circulation boiling
water reactor with a chimey, so we | ooked at those
assessnments very carefully and we were very pleased
with the assessnents. The code did a very good job in
conparison to the start-up tests that were run at
Dodewaar d.

W |ooked at the SIRIUS tests under
CRIEPI. W |ooked at some of the PANDA start-up tests
t hat were perforned.

(Sl'ide change.)

DR. LANDRY: And on the next slide, we
| ooked at operating plant data and in particul ar,
Peach Bottom event. W |ooked at Leibstadt briefly
and sonme of the assessnents that were done against

For smar k.
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All  of the assessnents we felt were
showi ng that the code did fairly well. W were seeing
assessnment s agai nst data, whether they're test data or
agai nst actual plant data that were in the 2 to 6
percent uncertainty range. And for a code of this
magni t ude, | ooking at data which are not al ways taken
wi th | aboratory grade i nstrunmentation, in an operating
reactor, we felt that this was a very good conpari son
and indicated the code was doing a reasonably good
j ob.

So we felt that the conparisons indicate
t hat TRACG nodel s are adequate for predicting power
oscillations in intended design.

Coul d | have the next one?

(Sl'ide change.)

DR. LANDRY: Mbdel s' assessnents
conclusions. TRACG includes the nodels required to
predict oscillations in the ESBWR The assessnents
agai nst available data and operating plant data
i ndi cate that TRACG gi ves consistent results and the
accuracy of the TRACG results can be determ ned by
propagati on of nodel uncertainties.

And if | can add just a little side |ight
here, the discussion about use of the nornal

di stribution one sided for tolerance |imt nethodol ogy
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versus a use of an order statistic nethodol ogy versus
ot her net hodol ogi es, the manner in which this is being
done by Ceneral Electric allows them if they don't
satisfy all the conditions they need to from their
chosen statistical nmet hodol ogy, have all t he
cal cul ations necessary to fall back to a sinple
nonparanetric approach, rather than having to go
t hrough and rerun all the cal cul ati ons because their
end netric did not turn out correct. So they have
gone the extra step in doing their statistical
anal ysis by including enough calculations in their

statistical base that they can fall back to a | esser,

if | can call it a lesser level, without the
statisticians getting nmad, a lesser |level of
statistical approach and still satisfy all the

requi renents for that approach

So we have said in the past when we
revi ewed the AQO application properly and think that
this is a valid statistical approach and we agree at
this point that still it is a valid statistical
appr oach.

If I could go to the next one, Sherry?

(Sl'ide change.)

DR LANDRY: Sone of the cal cul ations

whi ch we perforned on the staff, we went to Genera
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Electric's offices at WIlmngton and we audited the
cal cul ations which they perfornmed and we al so spent
several days at WImngton going through the
procedures and working through the procedures which
their analysts used to perform the calculations
t hensel ves, not just |ooking at the docunentation
which was submitted, but we sat down and with our
conputers, wth our analysts and we ran cases
oursel ves, following the exact procedures that they
use. W wanted to do that because when we were doi ng
somne i ndependent cal cul ati ons usi ng TRACG at the staff
| evel, we were not sure how you pull out a channel in
data perturbation, so we did our way. W did our own
nmet hod of cutting out a channel, at a perturbation and
foll owthrough and foll owthe oscillationthat occurs.
And when we tal ked with General Electric, they said
gee, yeah, that would work, but it wasn't the way t hey
didit. And we got alnobst identical results doing our
nmet hodol ogy.

So we deci ded that we needed to go down to
W1 m ngton, audit what they were doi ng and under st and
t he met hodol ogy that they were using two so that we
coul d cone back and say yes, we agree, not only with
the code, but we agree with the procedure for

application to code.
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The i ndependent cal cul ations that we did
at ORNL i nvol ved use of LAPORE. W did sone chi mey-
effect calculations which I'lIl talk about in a few
m nut es and we di d sone decay ratio cal cul ati ons al so,
using LAPORE, which I'lIl talk about again in a few
m nut es.

W did an independent cal culation so on
the void profile using TRACE, just for calculating
void profile of RELAP5 and wote an i ndependent drift
flux nmodel, a sinple little drift flux nodel. And
then tracked -- | guess | shouldn't say tracked --
foll owed the void profil e generation and perturbation
t hrough t he systemthat TRACG was predicting, what we
were predicting with each of these nethods and found
that for each of the nethods, the conparisons were
very, very close. It really did not nake a huge
di fference whet her you're using TRACE, RELAP5, pure
drift flux, TRACG vyou're getting a void generation
and voi d density wave notion that was very close with
each of these nethodol ogi es.

So that gave us a confidence of what this
very | arge conputer code was predicting was supported
by other codes and even by a snall, independent
cal cul ati onal nodel

Next .
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(Slide change.)

DR. LANDRY: The TRACG procedures, we, on
the staff, perforned a core-wide decay ration
cal cul ation. When General Electric did their
calculation and their submttal, they used a pressure
perturbation on the core as their perturbation nethod.
W decided to use a flow rate perturbation instead.
And when we did the flowrate, if we could | ook at the
next slide, we'll cone back to this, Sherry.

(Sl'ide change.)

DR. LANDRY: This is the response that we
got using the inflow perturbation to the core. And at
the top we put that the decay rati o we were predicting
was .33. The perturbation that was predicted using
the pressure perturbation of the submittal from
CGeneral Electric had a decay ration of .29, al nost the
same. And the frequencies were very cl ose, whether
you use a flow perturbation or whether you use a
pressure perturbation.

Thi s gave us confidence that the code can
take a perturbation and transnmit that perturbation
correctly.

MEMBER DENNI NG You used the second and
third node for that cal cul ati on?

DR. LANDRY: Correct. The decay ratio
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here is predicted as the ratio of the third to second,
t hey' re peaks, positive peaks. There are a |ot of
different argunents of whether you should use the
second to first, second to third or third to second or
whi ch peaks you shoul d use.

It really is not so inmportant which peaks
you use as |l ong as you consistently use the sane peaks
for every analysis you do.

| f we can go back one.

(Sl'ide change.)

DR. LANDRY: The channel decay rati os,
cal cul ati ons which we did, we used various channels
for the calculations. W used a nunber of different
axi al power shapes and deternined that the nore bottom
skewed power shape was the nore limting.

W looked at the limting channe
selection criteria and we | ooked at a super bundl e and

CHAIR WALLIS: I'msorry, you used the
second to the third peaks which |looks |like .5 to ne,
rather than .3?

It is quite sensitive which one you use
and how you use it at this point and if you're going
to start arguing about whether it's .3 or .5, it's

guite an uncertainty in that, the decay ratio, which
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may need to be investigated further in your work.

Anyway - -

DR. LANDRY: Maybe it was the second to
first.

Second to first will give you the . 3.

CHAIR VALLIS: |I'mjust pointing out that
we have found as a Subcommttee that you can change
the decay ratio quite a |l ot by picking which peak you
want to use.

DR. LANDRY: Right, and our statenent on
this is as long as you use the sane ones in every
anal ysis. You don't --

CHAIR WALLIS: Maybe there's anot her
nmet hod whi ch uses the whol e curve and optim zes --

DR. LANDRY: Al right, then we can get
into argunents about you want to go later in the curve
if you can, but you don't want to go too late in the
curve because the higher harnonics becone inportant
and start overriding --

CHAIR WALLIS: Okay, well, we can talk
about that in future.

DR LANDRY: We can talk about that with
the operating fleet.

MEMBER KRESS: |If you drew a curve through

all the peaks, you'd get an exponential decay, you'd
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have a decay constant with it.
DR. LANDRY: Yes.
MEMBER KRESS: Wiy didn't you choose that?
Wuldn't it be just as good?
DR. LANDRY: This is a technique that's

been devel oped over a nunber of years. Jose March-

Leuba --

CHAIR WVALLIS: But this is the elenentary
clearly, you could use a better technique. It's very
primtive.

DR. LANDRY: |It's a technique that works
and it's been so widely used that people understand
what you're tal king about now.

CHAI R WALLIS: But then you cone agai nst
CRS and t hey say ah, but you' ve used sone ot her peaks.
You' ve got a dif